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Disclaimer: Results contained in this report are based on the scientific experiments carried out by
Cal Poly Students and faculty who have been involved in this project which is sponsored
Ideomotion LLC. Cal Poly is not liable, or responsible, for what has been reported in this
document, nor does Cal Poly support or guarantee the accuracy or the validity of these studies.
These experiments are scientific work carried out by the faculty and the students and the reports
are based on the findings from these experiments.
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Abstract / Executive Summary
The following document describes the scope of our project and the methods we have deployed in
designing and manufacturing a personalized composite LiftWalker for a young woman in Egypt
named Shurouq. Our objective is to design a lightweight and durable LiftWalker to improve upon
the current product of our project sponsor, Charlie Gutierrez. To accommodate Shurouq’s physical
disabilities as well as the limits of transporting the device to her by plane, our team will need to
alter the current product’s dimensions, materials, and structure. Through researching similar
products and interviewing potential customers, we have compiled engineering specifications to
guide the direction of the project and ensure that our final product meets all of Shurouq’s needs.
Ideation and brainstorming techniques allowed our team to develop a variety of practical models
that have been narrowed down to a singular concept. Manufacturing carbon fiber structural
members was our main focus for the first half of this year. After much experimentation, we were
able to develop a reliable method for laying up strong composite tubes. However due to the
changes in global health, we were unable to manufacture tubes ourselves, and had to turn to a
professional manufacturer.

COVID-19 Update
Due to the coronavirus pandemic, the Cal Poly’s ME facilities are inaccessible. For us, this
means that we are no longer able to manufacture the carbon fiber tubes as expected. This change
resulted in a serious change of scope, because we felt compelled to purchase pre-made tubes so
that we could still construct our device. A complete recounting of how our scope changed
throughout the year can be found in the “Conclusions, Recommendations, and Next Steps”
section. Since the project expo was cancelled, our team made a webpage that is a summary of
our senior project. It can be found here: https://projectexpo.wpengine.com/2020/compositeLiftWalker-for-shurouq/.
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1. Introduction
1.1 Introducing the Customer and Problem
The project being presented is a quality of life project, led by sponsor Charlie Gutierrez, aiming to
reconstruct a device that can potentially turn a young woman’s life around. Shurouq is a 24-yearold woman with a physical defect that left her impaired from the waist down during her birth. She
resides in Egypt where social services are hard to come by and medical devices such as wheelchairs
and crutches, are very expensive and inaccessible. Apart from her mother’s assistance, Shurouq
has relied solely on her upper body strength to get around which has helped her compensate for
the fact that her legs have severe contractures. Due to her limited mobility, she spends most of her
days on a couch watching television. Shurouq tries her best to keep her legs moving, but due to
the lack of muscle stimulation, her legs continually become weaker as the years pass her by.
However, with proper physical therapy and exercise, Shurouq can learn to walk and she is more
than eager to put in the hard work and effort to reach such a great feat, but she needs a device to
assist her.

1.2 The Team
Team Shurouq is composed of four mechanical engineering students: Robert Boyd, Madeline
Faase, Daniel Martinez, and Vikram Thridandam. We are all passionate about helping others, so
we are excited for this opportunity to potentially create a life-changing device for Shurouq.

1.3 The Report
This report encompasses the background research and concept design process completed thus far.
Team Shurouq has used the gathered information to gain insight on different lift walker model
designs that have been documented, whether successful or unsuccessful, in order to further
understand the dynamics and mechanics of a lift walker and the user(s). The team is aware that the
targeted user (Shurouq) suffers from other physical impairments that may make her attempts to
walk a lot more challenging. Therefore, health, physical therapy, and quality of life are essential
subtopics included in the research in order to empathize with Shurouq and to accommodate her.
With all of these elements in mind, Team Shurouq entered the ideation and brainstorming phase
of the design process. Pugh and weighted decision matrices were then used to narrow down the
available concepts to a singular, practical model.
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2. Background Research
2.1 Product Background
The assisted lift-walker is by no means a new device within the medical community as moving
patients that have trouble standing and walking on their own has always been a problem. There
are many devices that can be found within hospitals and therapy offices that resemble engine hoists
or cranes to help in lifting and lowering patients; however, the most common solution to moving
people around is the wheelchair. Unfortunately, the immobilization that results from wheelchair
use has many negative impacts. According to Acta Orthopaedica Scandinavica, a leading
orthopedic journal, just 9 weeks of joint immobilization can result in a reduction of the mechanical
properties of load bearing joints such as hips and knees [1]. Additionally, there are psychological
and emotional reasons to encourage patients to move towards solutions like the LiftWalker and
away from wheelchairs. Studies have shown that adults without disabilities suffer from a reduction
in mobility. A study in the Journal of Women and Aging found that retirees who had recently
become sedentary had increased psychological anxiety and instances of alcoholism [2]. Due to
these physical and mental health concerns, health practitioners are now focused on looking for
ways to get people out of wheelchairs instead of into them. The New LiftWalker created by Charlie
Gutierrez is his original solution to getting patients out of wheelchairs. He has optimized his design
over many years in order to best help those who need help learning to walk again, or for the first
time.

2.2 Customer Interview
A customer of 12 years, Freddy, came to visit our team with a New LiftWalker and showed us
how he operates the walker independently only by using his one functional hand. Freddy has used
the New LiftWalker for many years now and as a result he has developed enough muscle to be
able to walk with a cane. He attributes the huge increase in his mobility to the New LiftWalker,
and to Charlie (personal communication, October 10, 2019). Our customer, Shurouq, is a different
case from Freddy because she has been unable to walk for all of her 22 years, whereas Freddy had
been able to walk before his accident. Freddy was in a terrible accident that left him legally blind
and devoid of his sense of balance. According to Karen Adolph and John Franchak in the Wiley
Interdisciplinary Review: Cognitive Science, postural control, or balance, is fundamental to most
motor behaviors [3]. When children, like Shurouq, do not learn balance by an early age they are
normally destined to live life in a wheelchair. Fortunately, Charlie has been able to help patients
learn to walk in the LiftWalker even when they had never been able to balance before. We believe
that because of Charlie’s experience helping patients walk for the first time, and because of
Shurouq’s significant upper body strength, that she has a high likelihood of learning how to walk.

2.3 Existing Products
The New LiftWalker is not the only product that could help Shurouq walk again, but it is the most
optimized for those with physical and mental impairments to support learning a normal walking
gait. Figure 1 depicts an earlier prototype of the LiftWalker designed by Mr. Gutierrez.
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Figure 2.1. A picture of an earlier version of the LiftWalker.
Notice that the lifting mechanism is a hand-operated hydraulic jack.
After decades of iteration, Mr. Gutierrez designed a more complete version and called it the New
LiftWalker as shown in Figure 2. This assisted lift-walker is at the peak of the market because they
are handcrafted for each customer and Mr. Gutierrez has designed many attachments that assist
with a person walking. The rear wheels can be locked in a single direction to keep patients from
swinging side to side. There are linear bearings that run along the length of the New LiftWalker to
prevent the user from walking with a wild gait. There are many more attachments that Mr.
Gutierrez has implemented in order to make his design applicable for a wide range of therapeutic
exercises and compatible with many disabilities. The New LiftWalker is the optimal assisted liftwalker for those trying to learn how to walk again or walk for the first time with the ultimate goal
of making the wheelchair obsolete.
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Figure 2.2. The current NewLiftWalker [4] designed by our sponsor, Mr. Gutierrez.
The most comparable option on the market to the New LiftWalker is the Rifton TRAM, shown
below in Figure 2.3. It was designed completely for sit-to-stand transfers, seated transfers, and gait
training which is similar to Mr. Gutierrez’s product. It is the most complete of all other competing
designs to the New LiftWalker, yet still has not overcome the challenges that either face which are
weight and transportability.

Figure 2.3. The Rifton TRAM [5]
Biodex also creates a product within the same category of assisted lift-walkers called the Mobility
Assist shown below in Figure 4. This motorized lifted-assist walker is also geared towards getting
the user up and walking. This product does not have any extra attachments to promote learning
how to walk again and is designed for the elderly to be free from a wheelchair. Another problem
with the Biodex Mobility Assist is that the harness for it is similar to that of a rock climbing
harness. These harnesses have the potential for inducing suspension trauma, “the development of
presyncopal symptoms and loss of consciousness if the human body is held motionless in a vertical
position for a period of time” [6]. Mr. Gutierrez was aware of this potential risk and created
adaptable thigh straps that distribute the hanging weight of the body over a much larger surface
area than these rock climbing harnesses.
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Figure 2.4. The Biodex Mobility Assist [7]
Another assisted lift-walker with the potential to cause suspension trauma is the ArjoHuntleigh
Electric Lift Walker shown in Figure 2.5. The straps are not shown as they are attachments that
could be included with the project, but they are narrow straps that loop under the groin to support
the weight of the user. This product was made to decrease the risk of injury for both the user and
therapist when lifting or lowering the patient. While promoting the ability to help the user learn to
walk, it heavily relies on the user’s upper body strength to keep them upright and is not conducive
for someone using it unattended.

Figure 2.5. The ArjoHuntleigh Electric Lift Walker [8]
Other products on the market that are not fully assisted lift-walkers include the RoMedic
RoWalker400 and the MiniLift 125 that are shown in Figure 2.6. The RoWalker400 does not
include assisted lift as it is an upright walker for post surgical patients with paddles to keep them
balanced while using the product. The MiniLift 125 is a seated-to-stand transfer device that is
made to assist patients into a standing posture. Their feet rest on a plate so that they may be moved
around while in a standing position. While both of these devices are better than a wheelchair for
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the patient, they do not offer the same amount of circulatory, digestive, and neurological stimulus
that an assisted lift-walker provides [9].

Figure 2.6. The RoMedic RoWalker400(left)[10] and the MiniLift 25(right)[11].

2.4 Patent Search Results
The patent of the Knee Contracture Correction Device by Robert Lonardo uses similar thigh and
knee prompt straps to those used in Mr. Gutierrez’s New LiftWalker to help distribute the load.
This also helps with stretching the knee ligaments and muscles.

Figure 2.7. Knee Contracture Correction Device [12].
The following picture is an exploded component view of a carbon fiber tube with metal connectors
used in bicycle frames. This is a good reference for determining how to attach carbon fiber or
fiberglass tubes together to maintain structural rigidity.
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Figure 2.8. Carbon Fiber Bike Tube with Metal Connectors [13].
Mr. Gutierrez has a patent for a dynamic seating and walking wheelchair, which is a very early
design that led to the development of his LiftWalker. This early device functions as a
conventional wheelchair, a dynamic seating device, a stander and a hands-free walker raises the
user from sitting to standing, propelled by user’s legs and feet.

Figure 2.9. Dynamic Seating Walking Wheelchair [14].
The following patent is similar to Mr. Gutierrez’s early idea of the LiftWalker. The Assisted
Lifting, Stand and Walking Device employs base side members with an adjustable rear track width
to allow the device to lift (via a hydraulic jack) the user from a wheelchair to a standing position.
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Figure 2.10. Assisted Lifting, Stand and Walking Device [15].
The body lift-assist walker device incorporates a pressurized body suit over all or a portion of the
user’s lower body, similar to the thigh prompts used in Mr. Gutierrez's LiftWalker. The inside of
the suit is positively pressurized so “that the differential pressure conditions across the suit offloads
a portion of the user’s body weight to the ground,” making it easier to walk. (Johnson)

Figure 2.11. Body lift-assist walker device [16].
The next patent is for an Assisted Walking Device, which helps mobility impaired people walk
over various surfaces including paved, grassy, unpaved, and natural terrain. The frame has four
all-terrain wheels along with rearwardly disposed handles to allow the user to support their weight.
These handles allow unimpeded leg motion whilst walking. This could serve useful in determining
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wheel size and tire material for the Composite LiftWalker so Shurouq could use the device
wherever she chooses.

Figure 2.12. Assisted Walking Device [17].
Another patent that is similar to Mr. Gutierrez’s LiftWalker is for a Walking Frame. This is a
mobile walker with a movable carriage between spaced channel members and upper end support
arms that is electrically driven by a motor to raise a person from sitting to walking positions. This
device also has hinges which enable collapsibility for easy transport and storage.

Figure 2.13. Walking Frame [18].

2.5 Relevant Conversations and Literature
Our project will only be successful if we can fully understand Shurouq’s physical limitations and
their resulting challenges. To begin learning about Shurouq’s condition we talked with physical
therapist Vincent Leddy. Dr. Leddy is located in San Francisco and has partnered with Charlie
Gutierrez in the past to help patients with disabilities. As of now, Dr. Leddy has not had the
opportunity to assess Shurouq in person, and therefore does not have a definitive diagnosis of her

15
condition. However, given the footage of Shurouq moving about her house, Dr. Leddy provided
us with some thoughts. Dr. Leddy believes that Shurouq’s condition has a neurological component
in addition to the neuromuscular component. He believes that from what he has seen, Shurouq has
a large enough range of motion to use and benefit from a LiftWalker, but the issue lies in whether
she can generate the power required to push it. To address this issue we discussed the possibility
of tailoring a special shoe or boot for her to wear while she uses the walker. We would shape the
boot in such a way that would allow Shurouq to get full contact on the floor as she steps. The
bottom of this boot would be covered in a highly frictional material that allows Shurouq to gain
traction as she walks. This boot could be highly customized and rely on support from an
orthopedist, or it could be something more readymade like the boot shown in Figure 14.

Figure 2.14. Square Toe Post Op Boot, potential basis for Shurouq’s boot. [19]
The team will determine which design makes the most sense based on Shurouq’s personal
preference as well as what Dr. Leddy believes will work best once he has the opportunity to have
a more in-depth assessment of Shurouq. Currently in the process of scheduling a video conference
between Dr. Leddy, Shurouq, and the team. In the meantime, our conversation with Dr. Leddy
guided preliminary research.
To start, we consulted the Journal of Disability and Rehabilitation to further investigate how
contractures limit one's range of motion. Leg contractures are caused by neurological and
musculoskeletal conditions, they result in a large reduction of joint mobility [20]. According to
this resource, a stretching regimen is the most effective treatment for the prevention of
contractures. Unfortunately, because of Shurouq’s age, her contractures are severe and would
require invasive procedures to eliminate.

16

3. Objectives
The primary goal of this project is to use the current design of an existing LiftWalker model
designed by Charlie Gutierrez to build a custom walker to be comfortable, lightweight,
transportable, and user friendly while maintaining its safety of operation. To make the LiftWalker
lightweight, the stainless-steel frame will be replaced with a composite material, carbon fiber, and
a smaller actuator will be used. This will be the focus of the project until a robust, operational, and
reliable lift walker is produced. Safety tests will be performed on the walking assist device
throughout the design and development phases which should allow potential users to test the
prototype. Required alterations will be implemented to the prototype model until the lift walker is
completely reliable. Once the main goal is met, provided enough time and resources, the team will
also integrate a unique feature to the lift walker that will assist Shurouq with her misaligned foot;
the team understands that Shurouq’s condition is rather severe so this feature will only be intended
to keep her foot in a position that will enable her to operate the lift walker.

3.1 Problem Statement
Shurouq needs a device to help improve her mobility because for her 24 years she has been limited
to moving inside her house with the help of her mother. By adapting the current design of Charlie
Gutierrez’s LiftWalker, we will try to minimize the negative effects of Shurouq’s disability while
also decreasing the extent to which she relies on her mother. Figure 3.1 below depicts the boundary
diagram of the LiftWalker and highlights the elements that can be altered to create an optimized
version for Shurouq.

Figure 3.1. A boundary diagram of the New LiftWalker
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This shows what we can change and what we cannot. We cannot change the environment that is
placed in nor the person who uses it. Note the following numbers describe the components of the
product.
1.
Recreate the existing frame out of composite materials.
2.
Reposition the motor and actuator.
3.
Attach the linear bearings to an upper rod, eliminate the bottom rod.
4.
Relocate on/off switch to lower on the frame.
5.
Replace existing wheels for a lighter/more all-terrain option.
Although we will adapt the LiftWalker, we also recognize that Charlie has already proven that it
safely assists a patient in walking on their own. Shurouq needs our final product to safely lift her
into a standing position and support her as she moves around. In order for her to make the most of
the walker, the device must be comfortable, durable, and easy to use. A fourth very important
requirement for Shurouq’s LiftWalker is modularity. We need to be able to send the walker to
Egypt in checked luggage, and therefore it must be collapsible and lightweight. Some aspects of
the design that our user may want are aesthetic appeal, adaptability to help other users if it changes
hands, affordability, and manufacturability. While these are important to our design, they are not
necessary to improve Shurouq’s situation.

3.2 Quality Function Deployment (QFD)
The Quality Function Deployment (QFD) method was used in creating a House of Quality (HOQ)
to weigh the customer’s needs and wants to current products as well as create engineering
specifications that will define our project. Our team got together and brainstormed many of the
wants and needs of our customers and used them to judge the current products available on the
market after meeting with our sponsor, Charlie, and interviewing a previous customer, Freddy.
After deciding that no product sufficiently met our specifications, we had a meeting with our
sponsor to go over the wants, needs, and specifications that we had come up with. See Appendix
A to reference our HOQ for a complete picture of our analysis. The engineering specifications
shown in Table 3.1 are a summary of our QFD process and provide clear objectives to meet in our
design.
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3.3 Engineering Specifications
Table 3.1. Design Specifications
Spec.
#

Specification
Description

Requirement or Target
(units)

Tolerance

Risk

Compliance

1

Packaging Weight

22.7 kg (50 lb)

Max.

H

A, T

2

Packaging Size

1.5 m (59”) (linear)

Max.

M

T, I

3

Design Strength

91 kg (200 lb)

Min.

H

T, I

4

Lifting Weight

91 kg (200 lb)

Min.

H

T, I

5

Lifting Height Range

[0.3 - 1.37m (1' - 4.5')] Target

L

T, I

6

Reassembly Time

10 minutes

M

T, I

Max.

The following list describes how we will measure each target engineering specification.
● Packaging Weight: In order to be checked onto a plane without extra fees, the product must
weigh less than 50lbs. We will keep track of our design’s weight as we go in order to make
this benchmark and put it on a scale to test it.
● Packaging Size: In order to be checked onto a plane without extra fees, the product must
fit within a box of 59 linear inches which means that the dimensions must add up to be
under 59”. This will need to be constantly checked in our design to make sure it will fit.
● Design Strength: The frame of the product should be able to withstand a weight of 200 lbs.
We will test this through FEA before a physical test is performed.
● Lifting Weight: The correct actuator should be ordered and placed in the correct spot in
order to lift 180 lbs. This will be checked with calculation before a physical test is
performed. The value is derived from doubling Shurouq’s body weight for safety.
● Lifting Range: The actuator should be placed where its overall lifting range can span 3 and
a half feet that begins at 1 foot off the floor. This will be checked with calculation and
tested using a measuring tape. This range adequately serves most adults.
● Reassembly Time: In order to make our collapsible design efficient, we want it to be
assembled without tools or with standard tools under 5 minutes by the average person. This
will be checked through surveys where non-engineers try to assemble the frame with little
to no instruction. We want the design to be intuitive to the users.
Our engineering specifications have three high risk categories, two of which are very similar. The
design and lifting weight rely upon the frame being strong enough to withstand 91 kg being lifted
by the actuator at the end of a cantilevered beam. Due to other specifications forcing us to change
the material of the frame, it is not certain whether or not the existing structural design will
withstand the forces it was meant to carry. Another high-risk engineering specification is keeping
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the weight of the LiftWalker under 22.7 kg. Currently, the LiftWalker weighs in at around 36kg
which is why the New LiftWalkers created by Mr. Gutierrez are so robust and durable. It will be
a challenge to keep the attributes of his previous LiftWalkers while having to cut out over 35% of
the total weight.
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4. Concept Design
The beginning of every concept design begins with ideation, and it is most effective when the
desired product is clearly defined. Any device can be broken down into a set of functions it
performs and attributes it possesses to end up with a pile of building blocks that can be arranged
in many different ways to achieve its purpose. Our ideation process began by analyzing the New
LiftWalker that Charlie Gutierrez had designed and classifying every action it could perform as a
function and every feature as an attribute. It was decided that the most critical functions that the
lift walker should have are the lifting function, collapsible function, and movement function while
the main attributes to focus on are the frame structure and aesthetics. Our team used different
brainstorming techniques such as brainwriting and SCAMPER for each of the critical functions to
create a list of ideas (see Appendix B). Then, we took the best ideas in each function and compared
them against each other using Pugh matrices (see Appendix C). One of the first ideas that was
sketched involved getting rid of one of the wheels to create a triangular frame which is shown
below in Figure 4.1.

4.1 Concept Models

Figure 4.1. A concept model with an A-frame for structural support.
This concept was designed around maneuverability and transportability. The triangular frame
allows for the user to turn tight corners with relative ease and has the potential to collapse into a
single plane for shipping purposes by taking out the middle support. It could accomplish
everything the New LiftWalker does and more; however, there were some doubts about how safe
it is and how the frame may interfere with the user’s normal gait. A frame that is too narrow would
get in the way of the user walking and would defeat the entire purpose of the device. With this in
mind, a horseshoe type frame with parallel bars shown in Figure 4.2 was suggested in order to
promote the physical therapy side of the device.
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Figure 4.2. A concept model with a horseshoe type frame.
This model would allow for at least 5 wheels to be used on the frame which would decrease the
likelihood of the user tipping the device over if they lose their balance. It also boasts one of the
largest interior areas of our design which we believe will promote the users to walk more as they
have plenty of room to. The issue with this concept is that it is too large to be easily shipped. In an
effort to keep the parallel bars to support the user while they learn to walk and the large area within
the device while making the frame more collapsible, the concept shown in Figure 4.3 was
developed.

Figure 4.3. A concept model with a typical walker frame.
This concept was inspired by the walkers that are commonly used today for those that want to keep
moving around without a wheelchair. The only issue with this design is that our team could not
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come up with a good combination of this frame and the lifting function. Power screws and scissor
lifts were suggested, but those contain many pinch points or rotating parts that pose a risk to the
safety of the user. Reference the hazard list of our current design in Appendix D. The sketch shown
in Figure 4.4 is one of our more outlandish concepts for a frame and lifting mechanism that
originated from a typical walker.

Figure 4.4. A concept model with a curved frame.
This model can support a few different lifting mechanisms that would be better than power screws
or scissors lifts like a pulley system that is based on linear bearings on the curved frame. Many
issues accompany this lifting system like keeping the arm supports parallel to the ground and
securing the user in the device. Another concept that was considered was making the actuator part
of the cantilevered beam support and using more structural beams to make up the loss in strength.
The sketch of this device is shown in Figure 4.5.
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Figure 4.5. A concept model with the lifting mechanism integrated into the structural frame.
This model is similar to the New LiftWalker and could function at a high level if the supports were
properly attached to the upright beam. This would be an issue as we are looking to create our
device out of carbon fiber and this sketch would work better if all the joints were welded. This
defeats the purpose of our device being light and transportable, so this is not a viable option for
our group.

4.2 Decision Matrices
Based on the previously mentioned Pugh matrices for critical functions of the lift walker, a
morphological table was created to combine some of the best mechanisms devised for each
function. Table 4.1 below depicts the morphological table.
Table 4.1. A morphological table to create concept models
No.

Sub-Function

1
2
3
4

Lifting
Collapsible
Moving
Material

I
Actuator
Quick-Release Pin
Caster Wheels
Carbon Fiber

Concept
II
Chair Lift
Bolts
Treads
Fiberglass

III
Scissor Lift
Twist-Lock
Bike Tire
Aluminum

Based on the above morphological table, six alternative concepts were developed. These concepts
are listed below as a combination of their frame material, lifting function, movement function, and
collapsible function:
A. Carbon fiber, actuator, caster wheels, quick-release pins
B. Fiberglass, actuator, caster wheels, bolts
C. Aluminum, actuator, treads, quick-release pins
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D. Fiberglass, chair lift, caster wheels, bolts
E. Carbon fiber, actuator, bike tires, twist lock
F. Aluminum, chair lift, treads, twist lock
These different concepts were all compared in a weighted decision matrix shown in Table 4.2 to
determine which model had the most potential based upon our specifications. Safety and durability
were decided to be the most critical criteria as the device should be treated as a piece of medical
equipment. Maneuverability and transportability were considered a weight of 4 as they dictate how
the user interacts with the product on an everyday basis. Affordability and aesthetics were given
the lowest amount of consideration as it is first and foremost a medical device. Comfortability is
another criterion that needs to be addressed, but does not belong in his table as any device could
be padded and manufactured with comfort in mind.
Table 4.2 Weighted Decision Matrix
Criteria
Weighting
Score
A
Total
Score
B
Total
Score
C
Total
Score
D
Total
Score
E
Total
Score
F
Total

Safety
5
8
40
7
35
8
40
9
45
5
25
6
30

Durable
5
6
30
5
25
7
35
6
30
4
20
5
25

Maneuverable
4
9
36
9
36
7
28
7
28
5
20
3
12

Transportable Affordable Aesthetic
4
3
2
9
5
8
36
15
16
9
7
6
36
21
12
5
3
5
20
9
10
7
6
7
28
18
14
6
4
6
24
12
12
3
1
3
12
3
6

TOTAL
157
153
132
149
101
82

After creating a morphological table and using a decision matrix to determine the essential
function(s) and the overall structure of the device, the final design remained very similar to Mr.
Gutierrez’ New LiftWalker design. A 3D CAD model of the design is shown in Figure 4.6. Other
frame designs were considered as a means of improving the New LiftWalker design, however,
none turned out to be feasible.
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4.3 Final Concept Design

Critical
component

Figure 4.6. Final concept frame design
After modeling the final concept on SolidWorks, our team decided to manufacture a 1:2 scale
prototype out of wood to physically compare various types of joints. Pin joints were the most
effective way to quickly assemble and disassemble the prototype, but they made the prototype
extremely wobbly. The play in every joint led to the whole model being unstable, so we decided
to try out bolts in order to reduce the play within the joints. This was successful and the prototype
was still easily and quickly disassembled. Another issue that came to light when making the
prototype was how the whole lifting mechanism will fall over if there is just a pin connection to
the square bottom frame. This was temporarily solved in the prototype by adding a tensioner at the
very front of the frame which can be seen in Figure 4.7.
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Figure 4.7. The concept prototype
The concept prototype also provided a means of analyzing which members of the design withstand
the majority of the stress. Surprisingly, the two tensioners shown above by cotton thread are
directly responsible for the structure of the device and the angled support beam is being pulled up
when a load is applied at the arm rests. The next step in our design is to size each member of
carbon fiber tubing to determine its outside diameter and thickness. Depending on the dimensions
of Shurouq’s house, our team may have to go back to the ideation phase and choose a more
maneuverable frame design than the current one. A better frame design could look like a 5-point
base that resembles a pentagon in order to maximize the area within the device to support
ambulatory movement while being able to navigate sharp corners.
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5. Final Design
After all the brainstorming of different structural configurations of the LiftWalker, we concluded
that Charlie’s original structural design is the most feasible and affordable option. Keeping the
design simple by avoiding unnecessary contours and add-ons allows for a potentially higher quality
finish on the manufactured carbon fiber components. Most of our effort went into selecting the
best beam cross section for the frame that considered strength, stiffness, aesthetics,
manufacturability, and compatibility with common joints.

Figure 5.1. Final CAD Drawing: Phase 1

5.1 Final Design Description: Phase 1
The I-beam double-webbed cross section was our first suggestion to our sponsor. It is incredibly
strong, and the double webs ensured that it could handle the torsion loads that the cantilever-like
lift arm imposed upon the frame. Thus, we manufactured a prototype I-beam using a silicone core
and AXIOM prepreg carbon fiber. Due to our rookie-level experience with composites, producing
a well-manufactured carbon fiber I-beam was one of our biggest challenges. For this reason, we
will be aiming to merely replace the stainless-steel round stock with double-web carbon fiber Ibeams. Making this seemingly simple change will significantly reduce the net weight of the device,
which is the main goal of this project. Figure 5.1 shows a drawing of the anticipated final
framework. A 3-point bend test was performed on an I-beam prototype that our team manufactured
which led to further discussion on an appropriate cross section that was less bulky, easier to
manufacture, and was more compatible with common joints.

28

5.2 Final Design Description: Phase 2

Figure 5.2. Final CAD Drawing: Phase 2
The final design of the LiftWalker was made of carbon fiber square tubing. Although our team
manufactured a few prototypes, it was decided that we should order the tubes since we still had
room in our budget. These square tubes are just as strong in torsion as the double-webbed I-beams
that we initially designed and were much easier to manufacture. They were easy to join together
and made the design sleek. Our final CAD drawing is shown in Figure 5.2, but our actual prototype
is different due to the pandemic. The entire lifting arm of the device ended up being stainless steel
and added a lot of weight back into our final product. This was due to the fact that because of the
global pandemic, we did not have access to our labs and so we were unable to manufacture all of
our necessary components. Figure 5.3 depicts our true final prototype. The diagonal support beams
were added to frame in order to decrease the amount of deflection in the crossbeam due to the
cantilever lift arm.

29

Figure 5.3. Final Prototype

5.3 Analysis
Since round carbon fiber tubing can be very difficult to manufacture, we considered the possibility
of making carbon fiber I-beams. Not only are I-beams easier to manufacture, but they are also
easier to work with in terms of machining and adding joints and attachments. However, the biggest
issue with I-beams is that they are extremely weak under torsional loading. The device that we will
be constructing includes a member, as seen in Figure 5.1, that is expected to experience a large
torque load. To avoid this issue, our final decision was to use a double-web I-beam with a 2.5 x
2.25-inch cross-section and 0.125 inch flange and web thickness for the carbon fiber members.
From this decision, the critical component(s) were thought to be the ones indicated in Figure 5.1.
Stress analysis of the critical components revealed that the maximum stress is anticipated to occur
on the base-member running across the front of the device with a maximum shear stress of 4.93
ksi when a 200 lb load is applied at the furthest distance from the base member. Although the user
has been reported to be around 90 lb, a 200 lb load case was used for calculations of the model to
be conservative. Refer to Appendix F for the loads and stresses of the critical component(s).
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Figure 5.4. Critical Components and User Load.
The downward arrow indicates the load and the circled components are the critical components.

5.4 Summary of Cost Analysis
As seen in Appendix G, Project Budget, our project was awarded $5,400 worth of grant money
from two on campus funds (CP Connect and Baker Koob). We initially determined it would only
require 25% ($1,250) of the funds to purchase necessary components such as caster wheels,
fasteners, and a linear actuator; meaning we would be well under budget if we were able to acquire
more carbon fiber via donation.
However, due to COVID-19, we were unable to make our own carbon fiber tubes in the composites
lab, so we had to dip into our funds to purchase ready-made tubes from a company called
DragonPlate, which shipped from New York. We ended up buying about $2400 of carbon fiber
tubes (square and round) which we used to construct our final prototype. Luckily, Michael
Mulvany from Motion Systems kindly donated a linear actuator to us, which saved us about $500.
These are all detailed in Appendix G.
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6. Manufacturing Plan
Double-Web I-Beam:
The following parts are needed in order to adequately manufacture this component:
● Composite Curing Oven
● Machine Shop
● Tencate HX40 Composite Prepreg, Cross Weave
● Vacuum Bagging (purple)
● Release Film (green)
● White Composite Breather (low mesh)
● Brown Composite Epoxy Absorbent (high mesh)
● Tacky Tape (400˚F)
● Sandpaper (120 – 1500 grit)
● Composite Shears / Hefty Scissors
● Box Cutters
● Vacuum Pump
● Vacuum Pump Connectors & Pressure Plate
● Large C Clamps (at least 8” clamp)
● 2”x2” Aluminum (or Steel) Square Tube (6ft)
● 1/8” (at least) Aluminum (or Steel) plate (1ft x 3ft)
● 2”x3” Aluminum (or Steel) Square Tube (3ft)
● BJB TC-5050 A/B Silicone Kit (2 gal)
● Silicone Mixing Bowl & Stirs
● 1-5kg Kitchen Scale
● Loctite Mold Release Agent (for Composites)
● Acetone

Part 1: Molding the Core
The most important part of manufacturing a double-web I-beam is designing a way to keep the
webs of the I-beam compressed during the curing cycle. Depending on what a team may choose,
the core may be left inside as a structural component (honeycomb interior); a reusable, precise
mold that can be easily removed (tapered core); or a one-time use, disposable product (bladder
core). On the suggestion of our advisor, we looked into silicone as a possible material to make a
core out of due to its thermal properties. It will expand when placed under heat and increase the
quality of the curing process by supplying additional pressure. After the part has cooled, the
silicone core should slip out due to the interior of the I-beam being pressed out by the silicone in
the oven. This portion will discuss how to mold the core specific to the double-web I-beam that
will be used in this project and our tests that led to this process.
As soon as our team received the shipment of BJB TC-5050, we decided to test the recommended
ratio of 100:10, respectively silicone to hardener, in a small mold. Since it was just a test mold, a
tri-beam balance was used to measure out 50g of silicone and 5g of hardener in a small mixing
cup. A carbon fiber testing sample at hand was used to thoroughly stir the mixture until it was
ready to pour into a small rectangular mold that was found in the composites lab (see Figure 7).
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This was done to find the hardness of the resulting cured silicone as well as how long it took to
fully cure. The next day, after 24 hours of curing, it was decided that the recommended ratio may
be too soft for our silicone mold.

Figure 6.1. The first test of the BJB TC-5050 silicone.
From this experiment, it was decided to test for different ratios of silicone to hardener in order to
achieve differing values of hardness for the acquired silicone. We decided to try 100:10, 100:15,
and 100:20 silicone-to-hardener ratios by mass in three rectangular tubes that had a similar cross
section to our desired silicone core. These three test cores had a cross section of about 0.75”x1.75”
and were applicable to our experiment. Our team attached these three rectangular tubes to a bar as
shown in Figure 8 and poured test samples with different ratios into each one. From this test, it
was found that the 100:20 ratio would be most appropriate for our silicone core.

Figure 6.2. The created molds for the second test for how hardness changed with different
silicone-to-hardness ratios. From left to right, the ratios are 35g:7g, 40g:6g, and 40g:4g.
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First, use an end mill to cut off the end of the 2” x 3” square aluminum tube in order to create a
channel that has an interior height of 2.125”. The 3-feet silicone core will be 2” tall and the width
should be no less than 1.70”. Then, sand the inside of the created channel to at least 800 grit. Cover
the ends of the channel with small pieces of metal plate or square tubing and secure them with
tape. These pieces need to be able to come off.

Figure 6.3. The mold channel sanded to 1200 grit.
To ensure that the silicone core is the correct size (2” tall), calculate the expected volume of the
core based upon the wall thickness of the channel and use the manufacturer’s given material data
sheets to calculate the necessary mass. Thoroughly mix the BJB T-5050 silicone to the
manufacturer’s recommended ratios, 100:10 by volume of silicone to hardener. It is suggested to
pour the silicone in batches around 1kg in order to ensure that the silicone can be mixed well
enough, reduce the risk of spills, and decrease the amount of air bubbles present in the part (Figure
6.2). After each pour, have a group member lightly brush the top of the silicone with a piece of
metal (like a ruler) to pop the air bubbles that rise after the pour. The channel must be level during
the pour and cure and wood stirrers should not be used during this process as they add excessive
moisture to the mix.
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(a)

(b)

Figure 6.4. Mixing and pouring the silicone core. It is not recommended to use
wax or parchment paper as it is not necessary and requires additional work.
Let the silicone cure for 24 hours in a cool (65℉), dry area while level. Then remove the ends of
the channel and remove the silicone core. Do not use excessive force or sharp objects to try to
remove the core as any gouges in the silicone will become a dent or bulge in the carbon fiber later
on. It is suggested to use a metal ruler or piece of carbon fiber to gently pry at one end until a finger
hold opens up. Then pull it out. Let the silicone rest for another 24 hours in a level position as it
could still develop deformities. Now the core is ready to be used.

Part 2: Composite Lay-Up
To begin this process, cut the 6ft 2”x2” square aluminum tube in half to obtain two 3ft sections.
These sections should be sanded up to 1500 grit on all sides. The aluminum plate should be cut to
obtain two pieces that are 3ft long and 6” wide. These should be sanded up to 1500 grit on one
side. Composite lay-up requires molds of the finest surface finishes as they directly dictate the
surface finish of the final product and assist with demolding the part. After sanding these pieces,
thoroughly clean all of the metal with acetone to dispose of the rest of the metal dust and grease.
Then take the Tencate HX40 out of the freezer and lay it on a large flat surface with a cutting mat
below it. Cut off the following 3-foot strips of carbon fiber:
●
●
●
●

(10) 2” lengths
(6) 6” lengths
(6) 1.8” (the width of the silicone core) lengths
(6) 5.8” lengths
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Wrap one of the 2x2 aluminum tubes with green release film on three sides and then stack 5 of the
2” lengths on top of it. Cover those 5 strips with three of the 6” lengths such that an equal amount
of carbon fiber can be seen on both sides of the tube. Repeat this process for the other 2x2 square
tube. Refer to Figure 6.3 for a complete visual.

Figure 6.5. The first step of manufacturing the I-beam.
The next step is to place three 5.8” lengths on one of the aluminum plates (covered with release
film) and set it down on a flat, level surface. Then stack three of the 1.8” strips on top of the silicone
core in a similar manner to the previous step. Make sure that the 1.8” lengths are placed on the
correct side. Then flip both the silicone and the core over and place it in the middle of the aluminum
plate with carbon fiber on it. This is the most important step as it dictates the straightness of the Ibeam. Then stack the remaining three 1.8” strips on top of the silicone and place the 2x2 aluminum
tubes wrapped in carbon fiber on either side of the core as shown below in Figure 6.4.

Figure 6.6. The second and third steps of the process.
Use clamps to squeeze the 2x2 square aluminum tubes together on each end, leaving the top open.
Stack the remaining three 5.8” strips of carbon fiber on the top of the whole setup and place the
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last plate on top. Liberally use weights and clamps to keep pressure on the mold. See Figure 6.5
for the complete set up.

Figure 6.7. The complete mold set up.
Now, use Tencate’s recommended curing cycle to cure the carbon fiber. It was found for HX40 to
be 12 hours at 150℉ with 1℉/min ramp up and ramp down rates. Due to the epoxy being a tooling
type, it can be cured at a higher temperature for a lower time. The only limit is the ramping rate,
which can be altered upon further testing. If clamps cannot supply enough pressure on the mold,
consider placing a vacuum bag over the entire mold and connecting it to a vacuum pump during
the curing cycle. If the weave contains an excess of epoxy, consider using the brown mesh
absorbent to keep it clean. After the mold comes out of the oven, remove the silicone core and
carefully extract the aluminum plates and tubes from the bar. Refrain from using any metal
instruments as they will scratch the surface which means starting the whole preparation process
over again.
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7. Design Verification
The final prototype was a result of an iterative design verification process in which our team
focused on finding the best carbon fiber cross section for the LiftWalker. Strength, stiffness,
aesthetics, manufacturability, and compatibility with common joints were criteria that our team
decided upon with our sponsor to be the most important in this process. As seen from the final
prototype: phase 1, the first cross section that we suggest was a double-webbed I-beam. The
prototype that was manufactured by our team was tested using an Instron Model 1331 in a 3-point
bend test shown in Figure 7.1.

Figure 7.1. 3-Point Bend Test of I-Beam
The I-beam failed at 1150 lb at a point that was weakened while we were cutting the beam to size.
The flange was cut too close to the web and it resulted in failure due to delamination. Regardless
of why it failed at such low pressure, it should’ve been able to withstand much more pressure than
it did. This was likely due to our team’s lack of carbon fiber manufacturing experience and since
we could not use the manufacturer’s cure cycle in the composites lab. Our sponsor also informed
our team that the I-beam was too bulky for his product and that he’d like us to move on to another
cross section. At this point, our team decided to try to manufacture round tubes due how simple
and ubiquitous a round beam is.
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Figure 7.2. Manufacturing a Kevlar-wrapped aluminum round tube.
In order to gain some of the manufacturing experience we lacked when forming the I-beam, our
team started to make as many round tubes as we could with many different manufacturing
techniques. Our sponsor also wanted us to work with Kevlar to test its strength and durability as
well as thin-walled aluminum tubes to give an even and repeatable cross section. A silicone round
core was made in a PVC pipe such that we could continue to test that method of laying up carbon
fiber. It was found that silicone is useful due to it being a removable core that could also be curved
while curing, but that it does not allow for straight tubes with an even cross section. Our team then
began to compression test samples of all these different types of tubes and manufacturing methods
to see how they deformed in failure and their overall strength. Figure 7.3 shows the testing methods
and some of the samples that were tested.

(a)

(b)

Figure 7.3. Compression Test Samples. Part (a) depicts a compression test of
a Kevlar round tube. Part (b) depicts some of the samples that were tested.
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It was found that carbon fiber is stronger than Kevlar but cracks and delaminates upon failure.
Kevlar deforms under failure and begins to mushroom while withstanding a similar ultimate
strength. The thin-walled aluminum insert increased the ultimate strength as it was expected to and
did not separate from the composite during failure. That was unexpected but validated our
manufacturing process. After coming up with a good way to manufacture round tubes, our sponsor
decided that square tubes would be easier for him to manufacture joints for. Our team agreed and
started to manufacture square tubes as our final product. Appendix I describes the process used to
manufacture a square tube. We were uncomfortable with the idea of using beams we manufactured
ourselves if we were not able to test them using the facilities on campus due to pandemic. This is
why we used our grant money to buy beams from a professional manufacturer, DragonPlate, which
has rigorous standards that ensure their products perform as described in their specification sheets.
The final parts used are shown in Figure 7.4.

Figure 7.4. Parts used to assemble the final prototype.
Our final prototype did not meet as many of our design specifications as we had hoped. The amount
of deflection the LiftWalker experienced was over half an inch at the back wheels with a load of
125 lb and the joints were failing at forces over 150lbs. While this should not be a concern for
Shurouq who weighs about 100lbs, it did not meet our specifications. The LiftWalker had a total
weight of 58lbs which was over our design specifications, but this was due to us not being able to
manufacture all of the carbon fiber parts we wanted due to the pandemic. With the current
prototype, the LiftWalker has been cut down to 65% of its initial weight. It was also found that we
could package the LiftWalker in an 18”x18”x36” box which is greater than the 59 linear inches
for luggage on an airplane. While the LiftWalker did not meet most of our design specifications,
our team made significant advances towards the final goal.
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8. Project Management
8.1 Overall Design Process
The design process started in fall quarter, focusing on background research related to mobility
assist devices and physical therapy involved in strengthening atrophied muscles. In particular, the
team researched related existing products to see what is already being done, related patents to get
ideas for possible parts of a solution, journal articles to learn more about the problem from both a
physical and mental perspective, and case studies to explore current results that relate to the
problem. After analyzing this research, the team must clearly define the customer requirements,
which will start with contacting Shurouq and her mother. Then the ideation phase begins with
brainstorming any and all possible conceptual solutions to the problem. Once the ideas are
narrowed down to a few, the team will work on building conceptual prototypes to run benchmarks
against the defined design specifications. Based on benchmarking results, one concept will be
selected for refinement.

8.2 Key Deliverables and Project Timeline
Table 8.1. Key Deliverables
Date

Deliverable

11/14/19

Preliminary Design Review (PDR)

11/19/19

FMEA to Sponsor

1/14/20

CAD / Bill of Materials

1/16/20

Interim Design Review

1/23/20

CAD / Part Selection

1/28/20

Manufacturing Plan / DVP

2/4/20

Critical Design Review (CDR)

2/13/20

Safety Review / Order Parts

3/12/20

Manufacturing & Test Review

5/28/20

Final Design Review (FDR)

5/29/20

Senior Project Virtual Expo

A better way to organize the key deliverables from Table 8.1 would be to use a Gantt chart to
visually represent a timeline of tasks to complete. The team’s current Gantt chart can be viewed
in Appendix B-1.
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8.3 Unique Techniques for Solving the Problem
The initial proposal from Mr. Gutierrez indicated that the composite to be used would be carbon
fiber, however after speaking with Dr. Eltahry Elghandour, we were also considering fiberglass.
So, the team could experiment with making structural members from both carbon fiber and
fiberglass, and possibly some destructive tests on them to observe how each material behaves. The
team made lots of sample tubes from different combinations of carbon fiber, Kevlar, and thinwalled aluminum.
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Conclusions, Recommendations and Next Steps
At the beginning of this process in fall quarter, we could not have anticipated the circuitous path
we would end up taking to complete this project. Our initial idea of what it would take to
manufacture carbon fiber beams, liaise with Shurouq and her doctors, and deliver her a life
changing therapeutic device, was naive. Quickly upon walking into the composites lab for the first
time, we were informed of the difficulty of manufacturing carbon fiber tubes. The difficulty is a
result of the high pressures required to have a well cured part with constant cross section. To have
a constant cross section you need to wrap the fiber around a mold, such as a steel rod or pipe, and
then vacuum seal them together. However, at that point, the high pressure from the vacuum makes
it nearly impossible to remove the carbon fiber from the mold. This is why lab technicians
immediately urged us to rethink our approach and find some other structural member for our
LiftWalker. We heard their concerns and began the process of creating our own innovative carbon
fiber manufacturing technique.
Manufacturing carbon fiber beams and tubes became our main focus. After considering the types
of loads our LiftWalker frame will experience, we decided we’d need to focus on designing beams
with cross sections that are strong in torsion, such as I-beams. We thought a double webbed Ibeam is even more stable, and so that became our target. However, manufacturing a double webbed
I-beam introduces the same problem as with manufacturing a tube. There is a hollow section on
the inside of the beam, like with a tube, that needs to be cured at very high pressure. To solve this
problem, we introduced silicone. Silicone has unique thermal properties that we used to our
advantage in the curing process. When heated in the curing oven, the silicone core expanded, and
pressurized the inner walls of the carbon fiber channel. Then after curing, the silicone contracted
just enough so after much effort, we were able to remove it. Silicone molds became our key to
manufacturing hollow parts. We successfully manufactured a double webbed I-beam, but it was
not cured at high enough pressures and so did not perform well when we tested. Additionally,
there was a lot of lead time associated with the double webbed I-beam. We had a five part set up,
which included multiple aluminum channels and plates cut and polished to exactly the right size.
The beam took over an hour to assemble inside the mold, and then nearly 9 hours to cure in the
oven. Because of all of these time intensive steps, and our lack of confidence that we could
replicate identical beams with this technique, we decided double webbed I-beams were not
scalable.
Our next move was to work on manufacturing a simpler cross section, which we thought would be
feasible if manufactured with a silicone core. So, for most of our second quarter, we practiced
manufacturing circular and square carbon fiber tubes. We developed reliable manufacturing
techniques and found that wet lay ups wrapped around a circular silicone core were performing
well under compression tests. We began experimenting with new materials like Kevlar and finetuned our ability to control wall thickness on these sample beams. To assuage our concerns that
our beams would not be strong enough, we began introducing thin walled aluminum as our mold.
These thin aluminum tubes got wrapped in carbon fiber and Kevlar and after being cured would
withstand extremely high compression forces. By the end of our second quarter, we had a
consistent manufacturing process that each member of our team was comfortable with. However,
shortly thereafter we learned that as a result of the novel coronavirus pandemic, we would be
unable to use the composites lab or any Cal Poly ME lab facilities.
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Driven by concern that our project would have to become only a manufacturing concept instead
of a fully realized walking device, we decided we needed to order premade carbon fiber tubes from
the professional manufacturer DragonPlate. Purchasing the tubes was the right decision, because
this project has always been about getting Shurouq a device that will last her a lifetime. Although
we were confident that we could have made the tubes ourselves under normal circumstances, we
thought it was best to be cautious and use our grant funding to buy tubes and thereby guarantee
our project would be completed.
Unfortunately, our problems did not end with the purchasing of professional grade tubes. After
assembly began, it was clear that the walker was deflecting far too much. Any significant
deflection puts too much stress on the joints of our device and would lead to failure in the long
term. To fix this problem, we had to discard our project scope. Initially we had hoped to make
our LiftWalker out of 100% composite members, however, realizing that our device was at risk,
we made the decision to use one stainless steel member. In the end, we were still able to shave
22lbs off of the original LiftWalker. If we had been able to use the facilities on campus, we believe
we could have laid up a thick enough slab of carbon fiber that it would have resisted the torsion
causing the deflection, but we are happy with our final design nonetheless. If we could change
any part of our final design, we would want to swap the steel member with another carbon fiber
part. If it were possible, we would simply replicate the steel part out of carbon. To successfully
pull that substitution off, we would need a large curing oven and the vacuum pump to ensure our
part was under enough pressure.
With our frame complete and ready for Shurouq to use, the next and final step is delivery. This is
a serious hurdle for us to overcome. At this time, June 2020, international travel is extremely
limited, and considered to be risky. Unfortunately, right now we are not sure when we will be able
to deliver our device to Shurouq. This is an upsetting result for our team, but since we do believe
this device will really improve Shurouq’s quality of life, we will be happy whenever it is able to
be finally delivered.
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Appendices
Appendix A. House of Quality (HOQ)

A HOQ is a tool used to create smart engineering specifications for a project. It organizes and
presents the different types of users that may interact with the product, their specific wants and
needs, other competing products already on the market, and how well those products meet the
user’s wants and needs now. It also provides a space for a team to create engineering specifications
or guidelines that will ensure that the product will meet the users’ wants and needs. Our HOQ can
be seen above.
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Appendix B. Ideation and Concept Models
Idea 1
Category: Collapsibility
Function: Allows the frame to fold in half
Purpose: Easy storage
Configuration A

Configuration B
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B-2

Idea 2
Category: Operation
Function: Lift the user
Purpose: Alternative to an electrical linear actuator

Idea 3
Category: Assembly
Function: Detachable frame parts
Purpose: Facilitate the assembly process
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B-3

Idea 4
Category: Operation
Function: Lift the user
Purpose: Add a ratcheting system to prevent slipping of the actuator

Idea 5
Category: Safety
Function: Moving
Purpose: Add stability while walking
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B-4
Alternative Frame Brainstorm Ideas

51
B-5
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Appendix C. Pugh Matrices
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C-2

54

Appendix D. Hazard List

55
D-2
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Appendix E. Gantt Chart

A Gantt chart is a project management tool for teams to keep track of all the various tasks needed
to successfully complete a project.
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Appendix F. Stress Analysis of Critical Components
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Appendix G. Project Budget

This was our initial planned budget, but due to COVID-19, we had to purchase pre-made carbon
fiber tubes so we could still construct the LiftWalker. The updated budget spreadsheet is shown
on the following page.
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TEAM 76 - COMPOSITE LIFTWALKER FOR SHUROUQ BUDGET SPREADSHEET
Vendor
Part Name/No.
Fund Used
Price
Qty
Total
Link
Carbon Fiber Roll
Wrapped Twill Square
DragonPlate
Baker Koob
$164.25
2
$328.50
~ 1.5" ID x 1.5" ID x 48"
Tube
FDPTS1.5*1.625*48
Carbon Fiber Roll
Wrapped Twill Square
DragonPlate
Baker Koob
$150.34
8
$1,202.72
~ 1.25" ID x 1.25" ID x 48"
Tube
FDPTS1.25*1.375*48
Carbon Fiber Roll
~ 0.75" ID x 48", Gloss
DragonPlate
Wrapped Twill Tube
Baker Koob
$71.27
4
$285.08
Finish
FDPT.75*.875*48
Single Sided Clevis
Connector
DragonPlate
Baker Koob
$7.60
8
$60.80
Single side clevis connector
SKU: FDPCKMODCON.5-SS-FMLE
Home Depot
BJB
Enterprises
Aircraft
Spruce
Home Depot
Home Depot

Amazon

West System

Amazon
Amazon
Motion
Systems

DeWalt Hacksaw Blade
Replacement
Model # DWHT20549
silicone + hardener
TC-5050 A/B
6061-T6 Square
Aluminum Tubing
Klean-Strip 1 qt.
Acetone
ScotchBlue 0.94 in. x
60 yds.
Original Multi-Surface
Painter's Tape
Venom Steel Nitrile
Gloves
VEN6143N
West System 105-B
Epoxy Resin (.98 gal)
with 206-B Slow Epoxy
Hardener (.86 qt)
and Epoxy Metering
Pump Set
Metallic Sharpie
Sandpaper
Linear Actuator
85199/85200

Baker Koob

$2.99

2

$5.98

Hacksaw blade replacement

CPConnect

$154.00

2

$308.00

BJB TC-5050 A/B

CPConnect

$27.00

6

$162.00

6061-T6 Square Al Tubes

CPConnect

$8.00

1

$8.00

Acetone

CPConnect

$4.00

1

$4.00

Painter's Tape

CPConnect

$18.00

1

$18.00

Nitrile Gloves

CPConnect

$145.00

1

$145.00

Epoxy + Resin

CPConnect
CPConnect

$3.00
$16.00

1
1

$3.00
$16.00

Metallic Sharpie
Sandpaper

None

$0.00

1

$0.00

Linear Actuator (1000-lb)

TOTAL

$2,547.08
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Appendix H. LiftWalker Operator’s Manual
This Operator’s Manual includes instructions for product use and important safety information.
Read entirely, including all safety warnings and cautions before using the product.
Please Note: This product is intended to be used by one person at a time, however for many users
two people are necessary to safely load and unload the user from the LiftWalker.
Using your LiftWalker
1. Position yourself comfortably between the wheels of the LiftWalker.

2. Depending on whether you need to be lifted from a standing or seated position, use the
up/down toggle switch (red switch shown below) to adjust the LiftWalker’s height.

3. Position the LiftWalker such that the arm rests are at a comfortable height.
4. Assure all 4 wheels are planted firmly on the ground
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5. Place your arms on the armrest and tighten the arm straps so they are secure but comfortable.

6. Depending on your own preference, secure other support straps as needed.
- Support straps must be secured such that the user feels held, but not constricted.
Be cautious to not decrease blood flow through the body.
7. Once you are appropriately secure, begin to raise the LiftWalker by operating the toggle
switch yourself, or with the assistance of another.
8. Continue to raise the LiftWalker until you are satisfied with the amount of your weight it is
supporting.

9. Now you may begin to move around, either with your feet or with the assistance of another.
-

please do not exceed walking speed, keep all four wheels on the ground at all times and
avoid all collisions and bumps as much as possible.
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Appendix I. Manufacturing Document
Objective:
This document will provide all of the information needed to successfully manufacture the carbon
fiber-wrapped tube used in the design of the Lift Walker.

List of Materials Needed:
•
•
•
•
•
•
•
•
•

West Systems Epoxy (105,206 series)
Aluminum square tubes (1.25”x1.25” w/ wall thickness)
Braided carbon fiber weave (30” strips)
Braided Kevlar weave (10” strips)
Acetone
Sandpaper
Scale
Epoxy Squeejee
Gloves

Procedure:
1. Find a piece of flat metal that is larger than the strip of carbon fiber that will be laid up.
Sand all metal surfaces up to 800 grit sandpaper and then the surfaces with acetone to get
rid of all the metal dust. See Figure 1.
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Figure 1. Clean all metal surfaces with acetone before
beginning.
2. Size a piece of carbon fiber to match the number of layers needed. For this specific project,
cut a 30” long piece of carbon fiber in order to have 6 layers around the 1.25”x1.25” Al
tube. The width of this strip is determined by the width of the tube. Additionally, remember
to lay down a piece of release film on top of the metal in order to keep the epoxy from
sticking to the metal plate that was just cleaned. Otherwise, it will need to be finished again
before the next layup. See Figure 2.

Figure 2. Lay down release film and cut a piece of carbon
fiber that matches the number of layers necessary.
3. Weigh the piece of carbon fiber on a scale. Then mix a batch of epoxy with a ratio of 1part hardener to 5-parts resin to weigh half of the weight of the carbon fiber. For example,
if a carbon fiber weave had a mass of 24 grams, then the corresponding epoxy would be 2
grams of hardener and 10 grams of resin. It is easier to mix epoxy in larger batches and
apply as necessary. West Systems also has nozzle attachments that are calibrated such that
one pump of resin and one pump of hardener are already in the proper mixture amounts.
Before applying the epoxy to the carbon fiber, stir well for one minute in a disposable cup.
Remember to wear gloves when handling epoxy. See Figure 3.
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Figure 3. Use a disposable cup and scale to properly mix the
epoxy in the correct amounts.
4. Pour the epoxy onto the carbon as shown in Figure 4. This helps insure an even spread of
epoxy over the layup.

Figure 4. Use a disposable cup and scale to properly mix the
epoxy in the correct amounts.
5. Use the squeegee to lightly press the epoxy down into the weave. When the epoxy starts to
thicken and become milky, being to squeeze out some of the extra epoxy. It’s important to
leave enough within the weave in order for it to dry properly, but too much epoxy is simply
adding unnecessary weight to the part. See Figure 5.
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Figure 5. Use the squeegee to press the epoxy into the weave.
6. Lay the Aluminum tube down across the bottom of the carbon fiber strip as shown in Figure
6 below. It is important to correctly line up the weave and the tube in order to properly roll
the weave onto to the tube.

Figure 6. Lay the Aluminum tube down across the bottom of
the wet carbon fiber weave.
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7. Being to roll the carbon fiber onto the tube. If the tube is long, it may be helpful to have a
friend roll with you. See Figure 7.

Figure 7. Roll up the carbon fiber onto the tube.
8. Figure 8 portrays what the carbon fiber-wrapped tube should now resemble.

Figure 8. The carbon fiber-wrapped tube.
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9. In order to wrap this tube in Kevlar as well, repeat steps 2-7 but with Kevlar instead of
carbon fiber. It is okay to either wait for the carbon fiber to dry to apply to Kevlar or do it
immediately after. See Figure 9.

(a)

(b)

(c)

Figure 9. (a) depicts the piece of Kevlar laid down on the previous release film with some residual epoxy.
(b) shows the process of using the squeegee on the epoxy. (c) shows the final product.
10. Leave the product to dry in an upright position for 24 hours to allow for the epoxy to cure.

